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Abstract 
Moving load effect on pavements is currently and frequently analyzed task in engineering practice. Random road profile 
represents the source of kinematical excitation of vehicle. Vehicle response and its dynamic effect on pavements can be analyzed 
by numerical or by experimental way. The analyses can by carried out in time or in frequency domain. But from complex point 
of view both analyses are needed. The submitted paper is dedicated to the numerical simulation of motion of vehicle quarter 
model along random road profile and to the analysis of vehicle response in time and in frequency domain. 
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1. Introduction 
The roads and the transport structures are subjected to direct dynamic effects of moving load. Unevenness on the 
surface of the pavement is the main source of kinematic excitation of vehicle. It significantly affects the size of the 
tire forces between the pavement and vehicle. The real load acting on the roads is variable in time and in frequency 
composition. This should be known for the solution of many engineering tasks as lifetime, design, reliability, 
structure development, micro tremor, etc [1], [2], [3]. The successful resolution to the problem usually consists of 
theoretical and experimental solution. One of the most important parts of the process of numerical simulation is to 
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create a proper computing model. The equations of motion describing the computing model of the system are solved 
in time and frequency domain. For this case the quarter model of TATRA 815 lorry was chosen (Fig.1).  
2. Numerical Model of Vehicle 
Important step for proper simulation is to choose the computing model of vehicle. Model has to be represented 
with appropriate mathematical formulation. Quarter model is usually preferred and used for 1D analysis as a 
combination of mass, spring and damping elements (Fig.1). This discrete model of the vehicle with finite degrees of 
freedom makes solution easier from the mathematical point of view. The equations of motion are written in the form 
of ordinary differential equations.  
 
Fig. 1. Quarter model of lorry T 815. 
The main characteristic of the quarter model is defined by three diagonal matrices. They are the mass {m}, 
stiffness {ki} and damping {bi} matrices which contain experimentally measured values [4]. The mass-less degree of 
freedom corresponds to the vertical movements of the point in contact with the surface of the roadway. Vibration of 
the mass objects of the quarter model are described in two functions of time: ri(t), i=1,2. The mass-less degree of 
freedom is coupled by the tire force F(t) acting at the contact point located on the road. The equations of motions 
and the expressions for the tire forces have following form: 
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The numerical parameters of the model are as follows:  
Constants of stiffness of the coupling members: k1 = 143 716.5 N/m, k2 = 1275 300.0 N/m.  
Constants of damping: b1 = 9 614.0 kg · s-1.  
Mass model parameters: m1 = 2 930.0 kg, m2 = 455.0 kg.  
Solution of equations of motion in time domain is realized numerically in the environment of programming 
system MATLAB. The 4th order Runge-Kutta step-by-step integration method is employed [4]. 
3. Numerical model of road surface unevenness 
Road unevenness represents surface of transport structures subjected to dynamic load of moving vehicles. The 
dimension of road unevenness is the higher order then pavement deflection or tire unevenness. The rigid pavement 
with random road profile is assumed for the purpose of numerical solution. The random unevenness in the road u(x) 
is assumed as stationary ergodic function with zero mean value and normal distribution. The properties of the road 
random profile are described by Power Special Density (PSD) function in following form: 
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where ߗ in [rad/m] denotes the wave number, ߗ0= 1 rad/m is the reference wave number and the waviness k =2. 
Depending to the international directive ISO 8608 [5], typical road profiles can be grouped into classes from A to E. 
Each class has your own reference values Su(ߗ0). Then a random road profile of single track can be approximated in 
following form:  
ݑሺ௫ሻ ൌ σ ඥʹܵሺߗ௜ሻοߗே௜ ܿ݋ݏ  (5) 
where φi is the uniformly distributed phase angle and x is the length coordinate. The random road profile u on the 
base of known power spectral density for the values Su(ߗ0) = 410-6 [m2/ (rad/m)] [5]. Extreme values of unevenness 
are following:  
uMAX= 0.0183769 mm, uMIN= -0.02148554 mm, ∆u= uMAX – uMIN = 0.03986244 mm. 
The load profile was generated with a time step 0.0001 m with adjustable length 0.01 m = 1 cm. Total length of 
road profile of unevenness was L =102.4 m, Fig.2. 
 
Fig. 2. Random road profile Su(ߗ0) =410-6 [m2/(rad/m)]. 
4. Spectral Characteristics 
The Fast Fourier Transform (FFT) is used for transfer from time to frequency domain. X(k) is a Fourier picture of 
a corresponding real number x(k) obtained in following form : 
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Fourier picture X(k) is the complex number. The signal must have N = 2n samples. The sapling frequency fS by the 
Shanon – Koletnik theorem should be minimally 2.5 multiple of the highest frequency inherent in frequency spectra. 
To every sampling number I (I = 0 y (N/2-1)) the frequency value fI is assigned in following form: 
/I Sf I f I f N '   .  (7) 
5. Results of Numerical Solution 
The numerical simulation of vehicle motion along random road profile was performed. The model of vehicle 
moves at the constant speed V = 36 km/h,(10 m/s) along the random road profile. The response of vehicle was 
calculated at each time step. The kinematic excitation is caused by the movement of vehicle along the road 
unevenness. All the results were transformed by FFT from time to frequency domain. The Power Spectral Density 
(PSD) was calculated for the monitored quantities. The response of vehicle is the time function of vertical deflection 
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r1(t) of upper mass (m1) Fig.4, the PSD of vertical displacement of upper mass Fig.5, the time function of vertical 
deflection r2(t) of lower mass (m2)  Fig.6, and the PSD of vertical displacement of lower mass Fig.7. 
 
 
Fig. 3. PSD of random road profile. 
 
Fig. 4. Time history of upper mass deflection,  constant speed V = 36 km/h. 
The time function of vertical deflection of upper mass of vehicle is shown in Fig.4. The maximum deflection is: 
r1MAX= 22.781 mm. The minimum deflection: r1MIN= -17.034 mm. The amplitude fluctuation of upper mass is: Δr1 
= r1MAX - r1MIN = 39.815 mm. 
 
Fig. 5. PSD of vertical displacement of upper mass. 
 
Fig. 6. Time history of lower mass deflection,  constant speed V = 36 km/h. 
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The time function of vertical deflection of lower mass of vehicle is shown in Fig.5. The maximum deflection is: 
r2MAX=19.785 mm. The minimum deflection: r2MIN=-23.507 mm. The amplitude fluctuation of lower mass is: Δr2 = 
r2MAX – r2MIN = 43.292 mm. 
 
Fig. 7. PSD of vertical displacement of lower mass. 
 
Fig. 8. Time history of tire force,  in constant speed V = 36 km/h. 
 
Fig. 9. PSD of tire force. 
Extreme values of tire forces are following (Fig.8): FMAX =-41.128 kN, FMIN =-26.712 kN,  ∆F =|FMAX| - |FMIN| 
= 14.416 kN. 
The PSD of the response PSDr and PDS of excitation PSDe are mutually coupled by the relation 
)()i()( 2 fPSDfHfPSD er  ,  (8) 
where  
2)i( fH  is so called Power Response Factor (PRF). The PRF of dynamic component of tire force under 
wheel is plotted in the Fig. 10. 
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Fig. 10. PRF of dynamic component of tire force under wheel. 
6. Conclusions 
The knowledge of the moving load on the roads, its variability in time and frequency composition is needed for 
assessment of the dynamic effect of moving vehicles on civil engineering structures. Numerical modeling of the 
problems of vehicle - road interaction is an effective tool for the solution of real engineering practice tasks. From the 
practical point of view the influence of road profile on vehicle vibration and tire forces is interested. PSD of tire 
force contains peaks with dominant frequencies 1.34, 8.79 Hz. These frequency bands correspond to natural 
frequencies of vehicle (1.06; 8.89Hz). PRF of tire force has also the same peaks corresponding the frequency 1.098; 
8.422 Hz. There are the natural frequency coupled with wheel natural vibration. 
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